Introduction {#sec1-1}
============

Fine needle aspiration cytology (FNAC) is widely accepted as a reliable technique in the initial evaluation of palpable and non-palpable (guided biopsy) breast lumps. The procedure is simple, safe, cost effective, minimally invasive, rapid, and as sensitive as biopsy.\[[@ref1]--[@ref3]\]

The primary goal of FNAC is to separate malignant lesions that require more radical therapy from benign ones that may be conservatively managed. The scope of cytology now extends into identifying the subtypes of malignant lesions, benign lesions, and minimal residual disease for the purpose of planning the therapeutic protocol and eventual follow-up. Thus, it plays a major role as an important preoperative assessment along with clinical and mammography examination, which together are frequently referred to as "Triple test".\[[@ref4]--[@ref6]\]

Pattern is identification of quality as a whole. It is known that despite the many sites and many types of tumors that are aspirated, there are a limited number of patterns based on morphology observed in aspirated material. However, the frequency, significance, and difference of each pattern vary with the site.\[[@ref7]\]

Many authors have used various methods to come to a conclusive method of diagnosis on breast lesions. Here, we propose a partially modified method based on systematic pattern analysis to analyze the breast lesions and divide them into individual categories.

Materials and Methods {#sec1-2}
=====================

Material for this study was obtained retrospectively over a period of four years (2007--2010) from the Division of Cytology in the Department of Pathology. Majority of the aspirations were performed in the department itself by cytopathologists. Prior to aspiration, detailed history with physical examination of both the breasts and the mass were carried out to assess its size, mobility, and evidence of clinical signs of malignancy. Axillary nodes were also palpated for enlargement.

Fine needle aspiration was done with a 21- or 22-gauge needle attached to a 10 cc disposable syringe mounted on a syringe holder for single handgrip. The specimen was taken with minimum passes (to minimize hemorrhage) without needle withdrawal and under constant negative pressure. Samples were smeared onto glass slides and fixed as necessary. Wet-fixed smears were stained with hematoxylin and eosin (H and E) and Papanicolaou stain, while air-dried smears were stained with May-Grünwald-Giemsa stain.

All cystic lesions were evacuated following which the wall of the cyst was needled. The cyst fluid was centrifuged and the deposit taken for smears.

Amongst a total of 1150 patients with palpable breast lumps who underwent FNAC during the study period, 225 breast aspirates with follow-up excision biopsy/lumpectomy/mastectomy formed the crux of the study.

Each slide was reviewed by cytologist who was blind to the original cytological and histopathological diagnosis. The aspirates were evaluated for the cellular features, associated background, and other coexisting features as shown in [Table 1](#T1){ref-type="table"}.

###### 

List of various patterns used in this study

![](JCytol-28-13-g001)

The final provisional diagnosis was given out in the following manner:

BenignAtypical/indeterminateSuspiciousMalignant.

Lesions were categorized into six groups based on the predominant cellular pattern as shown in [Table 2](#T2){ref-type="table"}.

###### 

List of cases showing patterns with cyto-histologic correlation
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After tabulation of data, the sensitivity, specificity, positive and negative predictive values, false negative rate, false positive rate, and diagnostic accuracy were determined for the types of lesion and whether the FNAC results by pattern analysis agreed with the histopathological findings of the excisional biopsy.

Results {#sec1-3}
=======

Two hundred and twenty five breast aspirations (age range, 16-88 years; mean age, 38.6 years; side, left breast \[74.66%\] \> right breast \[25.34%\]) with histological confirmation were observed. Distribution of lesions based on pattern analysis is as shown in \[[Table 3](#T3){ref-type="table"}\].

###### 

Distribution of lesions based on pattern analysis

![](JCytol-28-13-g003)

On histopathology, out of 225 cases, 152 were benign, 2 *in situ* lesions, and 71 malignant. Commonest amongst benign lesions were fibroadenoma (FA) followed by fibrocystic disease. Amongst the malignant lesions, infiltrating ductal carcinoma (IDC) was the commonest followed by medullary carcinoma.

In Group I, the primary pattern was biphasic. The most common diagnosis was FA followed by phyllodes tumor (PT).

In Group II, the primary pattern was macrophage-rich pattern with fibrocystic disease as the most common diagnosis. Other lesions in this group were atypical ductal hyperplasia, fat necrosis and carcinoma.

In Group III, the primary pattern was neutrophil-rich pattern. The most common diagnoses were abscess and mastitis.

Group IV comprised of pleomorphic pattern with malignancy as the most common diagnosis. Two cases of fat necrosis were inadvertently called suspicious on cytology.

In Group V, primary pattern was spindle cell pattern with FA as the most common diagnosis. One case of benign PT was called atypical lesion on aspirate.

In Group VI, primary pattern was small round cell pattern with carcinoma as the most common diagnosis. However a case of mucinous carcinoma was called benign on cytology.

Application of pattern analysis on FNAC of breast lesions in relation to malignancy had a sensitivity of 94.5%, specificity of 98%, diagnostic accuracy of 97%, positive predictive value of 95.8%, and negative predictive value of 97.4%. The false positive and false negative rates were 1.3% and 1.8%, respectively \[[Table 4](#T4){ref-type="table"}\].

###### 

Comparison of results of the present study with other studies
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Discussion {#sec1-4}
==========

Pattern recognition is defined as "the act of taking in raw data and taking an action based on category of pattern". Its aim is to classify patterns based on prior knowledge or statistical information extracted from patterns. Here, the perspective is on identification of pattern that is based on various morphological attributes on aspirates of breast lesions (cellular features, background material, and other features).

Biphasic pattern (Group I, [Figure 1](#F1){ref-type="fig"}) usually include epithelial cells and myoepithelial cells arranged in mono-layered sheets with a honeycomb pattern ("antler-like, staghorn"). The presence of myoepithelial cells has been recognized as a prominent feature of benign breast disease. Lesions with biphasic pattern are most often benign, hence identification of this pattern is an important aspect of breast lesions.\[[@ref8]--[@ref10]\]

![Biphasic pattern (H and E, ×100)](JCytol-28-13-g005){#F1}

Macrophage-rich pattern (Group II, [Figure 2](#F2){ref-type="fig"}) is seen predominantly in fibrocystic change and in cysts which usually showed foam cells, apocrine cells, and occasionally non-apocrine cells. Smears with apocrine cells showing degenerative atypia should be interpreted with caution, taking into consideration background patterns like proteinaceous background (for benign cystic lesion of breast)and hemorrhagic background (to rule out malignancy).\[[@ref9][@ref11]\]

![Macrophage-rich pattern (H and E, ×100)](JCytol-28-13-g006){#F2}

Two cases of atypical ductal hyperplasia presenting predominantly with macrophage-rich pattern were called atypical on cytology. The term 'Atypical or Indeterminate' is intended to indicate those lesions in which a benign lesion is favored, though the possibility of carcinoma cannot be completely ruled out because some atypical features are present. Studies have shown that, in general, cases of atypical ductal hyperplasia are most likely to be diagnosed as negative or atypical.\[[@ref9][@ref11]\]

We had a case of ductal carcinoma *in situ* (DCIS), which was called suspicious with predominant macrophage-rich pattern and pleomorphism as an associated feature. Ductal carcinoma *in situ* is more likely to be interpreted as suspicious or positive. The term "Suspicious" has a higher likelihood of representing a malignant tumor, and is used for those lesions in which the suspicion of carcinoma is high, but without definitive evidence of malignancy.\[[@ref9][@ref12]\]

Cytological features in neutrophil-rich pattern (Group III, [Figure 3](#F3){ref-type="fig"}) usually include abundant neutrophils along with lymphocytes, plasma cells, apocrine cells, and abundant macrophages. Isolated cells and clusters of epithelial cells with varying degrees of reactive atypia are also present. Two cases of granulomatous mastitis presenting predominantly with neutrophils were diagnosed as abscess on FNAC, later confirmed by biopsy. Granulomas are often misdiagnosed as pyogenic abscess when neutrophils are the predominant cells in a necrotic background. Fine-needle aspiration cytology from the breast lesion continues to remain an important diagnostic tool for breast tuberculosis. Failure to demonstrate necrosis on FNAC does not exclude the diagnosis of tuberculosis in view of small quantity of sample harvested and examined.\[[@ref13]--[@ref16]\]

![Neutrophil-rich pattern (H and E, ×100)](JCytol-28-13-g007){#F3}

Infiltrating ductal carcinoma presenting predominantly with neutrophils was called as suspicious on cytology. Neutrophils are rarely seen in carcinoma; in such a scenario, aspirates have to be carefully screened for atypical epithelial cells with obvious malignant features.\[[@ref9]\]

Pleomorphic pattern (Group IV, [Figure 4](#F4){ref-type="fig"}), in a breast aspirate commonly leads to a diagnosis of malignancy. However, benign lesions like FA, fibrocystic disease, and fat necrosis can present with pleomorphism. We had five benign lesions with pleomorphic pattern, of which two were called suspicious on cytology probably due to the presence of some but not all of the cytologic features of malignancy, such as increased cellularity, nuclear enlargement, and conspicuous nucleoli. Two cases of fat necrosis were called suspicious probably due to reactive atypia of ductal epithelial cells which is usually seen in this lesion. Fat necrosis is a mimicker of carcinoma clinically and radiologically that may create diagnostic problems if the history of injury is remote or is not recalled by the patient. The scantiness and cohesion of these cells, which are devoid of significant pleomorphism, should prevent such an error. However, fat necrosis may be associated with carcinoma.\[[@ref9][@ref10]\]

![Pleomorphic cell pattern (H and E, ×100)](JCytol-28-13-g008){#F4}

A case of DCIS was called malignant on cytology. Distinguishing between invasive ductal carcinoma and DCIS is difficult, because the two entities have similar features. Features favoring ductal carcinoma *in situ* include more single dyshesive atypical cells, loosely arranged epithelial fragments, prominent anisonucleosis, coarser nuclear chromatin ("clumped chromatin"), and background inflammatory cells.\[[@ref9][@ref17][@ref18]\]

The smears from medullary carcinoma are typically hypercellular and composed of large tumor cells in a background of reactive lymphocytes and plasma cells. The lymphoid component can be variable.\[[@ref12]\]

Spindle-cell rich (Group V, [Figure 5](#F5){ref-type="fig"}) lesions of the breast commonly include PT, fibrosarcoma, malignant fibrous histiocytoma, and metaplastic carcinoma. These entities can be distinguished by the presence of markedly atypical spindle cells with numerous mitotic figures. Spindle cell pattern should be interpreted with caution due to variable presentation of FA.\[[@ref9][@ref10][@ref19]\]

![Spindle cell pattern (H and E, ×100)](JCytol-28-13-g009){#F5}

A case of PT was diagnosed as an atypical lesion. This could probably be due to atypia of epithelial or stromal/mesenchymal cells which can be pronounced. Phyllodes tumor is mistaken for ductal carcinomas and forms a significant cause of false-positive diagnoses. The presence of stromal fragments and some benign ductal cells could support the diagnosis of PT.\[[@ref9]\]

Small round cell pattern (Group VI, [Figure 6](#F6){ref-type="fig"}) includes lesions composed of cells with minimal atypia like lobular carcinoma, mucinous carcinoma, tubular carcinoma, low-grade carcinoma of ductal origin, adenoid cystic carcinoma, lymphoma, metastatic small round cell tumors, and benign lesions like mucocoele, adenosis, and FA.\[[@ref9]\]

![Small round cell pattern (H and E, ×400)](JCytol-28-13-g010){#F6}

One case of mucinous carcinoma was interpreted as benign lesion on cytology. Mucinous carcinoma is a low-grade carcinoma and usually has monomorphic cell pattern and mimics various benign lesions. Absence of myoepithelial cells and distinctive feature like thin-walled capillaries, either free floating or coursing through the thick mucin could help in making a diagnosis.\[[@ref12][@ref20]\]

One case of classic form of invasive lobular carcinoma was called suspicious on cytology. Lobular carcinoma cells are relatively small and their malignant nature may be overlooked. However, a higher proportion of dissociated cells, homogenous small malignant cells with minimal cytoplasm, large but non-pleomorphic nuclei are pointers for classic form of invasive lobular carcinoma.\[[@ref21][@ref22]\]

The statistical values indicating the diagnostic efficacies of the present study is well comparable to other studies \[[Table 4](#T4){ref-type="table"}\].\[[@ref1][@ref23]--[@ref25]\]

Our findings illustrate the value of applying a systematic pattern analysis to evaluate the breast cytology smear. The present study substantiates that assessment of pattern has enough accuracy for the surgeon to triage into operative and non-operative cases.

Identification of the patterns could help in reducing the interobserver variation and make it more reproducible especially in 90% of the cases, which do have common patterns. This method is dependent on adequate material in the smear. Inadequate smears, uncommon presentation/diagnosis, low quality of slide needs experience, and pattern analysis would be difficult to apply in these cases.

This method needs to be standardized by bigger studies with its application helping in reducing the variable diagnosis between cytologists and thus helping the clinician to make an informed decision.

Conclusions {#sec1-5}
===========

This study has demonstrated that FNAC based on systematic pattern analysis is accurate in the diagnosis of breast lesions. It is also easily applicable and could be reproducible. Along with radiology it could provide important information for prompt recognition of discordant results. Hence we recommend this method in the interpretation of breast FNAC.
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